Simple Laboratory Parameters Which Can Determine the Clinical State of Patients after Pneumonectomy for Lung Cancer  by Foroulis, Christophoros N. et al.
ORIGINAL ARTICLE
Simple Laboratory Parameters Which Can Determine
the Clinical State of Patients after Pneumonectomy for
Lung Cancer
Christophoros N. Foroulis, MD, FETCS,* Achilleas G. Lioulias, MD,†
and Christos Papakonstantinou, MD*
Introduction: The clinical state of patients after pneumonectomy
varies from normal to seriously impaired daily life. The objective of
the study is to identify laboratory parameters which determine the
clinical postpneumonectomy state.
Methods: Thirty-five patients who underwent pneumonectomy for
lung carcinoma (mean age: 61.5  7.2 years, left sided: 23) were
prospectively studied with preoperative and 6-month postoperative
spirometry, Doppler echocardiography for calculation of right ven-
tricular systolic pressure and arterial blood gas. The clinical post-
pneumonectomy state was defined as the class of dyspnea on
exertion: I on heavy exertion, II on moderate exertion, III on
mild exertion, IV  on minimal exertion.
Results: Postoperative forced expiratory volume in 1 second
(FEV1), forced vital capacity (FVC) and percent of the predicted
FVC were significantly lower in patients with class III and IV than
in patients with class I and II dyspnea, while right ventricular
systolic pressure and percent reduction of FVC and FEV1 were
significantly higher in patients with class IV dyspnea. On multiple
regression analysis, postoperative FEV1 and percent reduction of
FVC were found to strongly affect the postpneumonectomy state.
Right pneumonectomy, obstructive pattern at preoperative spirom-
etry, bronchial obstruction limited to up to three bronchopulmonary
segments at preoperative bronchoscopy and predicted FEV1 less
than 1.4 liter by the ventilation/perfusion lung scanning were con-
nected with seriously impaired postpneumonectomy state.
Conclusions: The postpneumonectomy state is affected by low
actual postpneumonectomy FEV1 values and serious percent reduc-
tion of FVC from preoperative values. Right pneumonectomy to-
gether with obstructive ventilatory pattern and minimal bronchial
obstruction are preoperative factors that result in serious reduction
of FEV1 and percent reduction of FVC.
Key Words: Pneumonectomy, Postpneumonectomy state, Forced
expired lung volumes, Right ventricle systolic pressure, Dyspnea on
exertion, Functional dyspnea.
(J Thorac Oncol. 2009;4: 55–61)
The respiratory function is mainly determined by the func-tion of the lungs and two pumps, the right ventricle that
pumps nonoxygenated blood through the lungs and the ven-
tilatory pump, consisting of the chest cage and diaphragms
that moves air in and forces air out of the lungs.1 Resection of
one entire lung leads to loss of approximately 45 to 55% of
the pulmonary tissue, depending on which lung is resected
and results in drop of forced expiratory lung volumes and rise
of right heart pressures.2–7 Exercise tolerance was found in
past studies to decrease after pneumonectomy, without any
tendency to recover by time.5–7 Dyspnea is the leading cause
of exercise intolerance after pneumonectomy and it is an
important factor which characterizes the postpneumonectomy
clinical state.6
Dyspnea on exertion is difficult to categorize, because
it is a subjective sensation, impaired many times by the
psychologic status of the patient and its severity may or may
not correlate with physiologic measurements.8 Stair climbing
has a strong positive relation with pulmonary function tests,
which was well detected in the past and consequently, deter-
mination of the degree of dyspnea on exertion by using stair
climbing is a simple way to verify patient’s complaints.9 In
the present prospective study, simple laboratory parameters
obtained from spirometry, arterial blood gasses determination
and Doppler echocardiography, were evaluated for their corre-
lation with the postpneumonectomy clinical state, which was
defined to be expressed by the level of dyspnea on exertion.
PATIENTS AND METHODS
Patients
Thirty-five patients who underwent elective pneumo-
nectomy for lung cancer between 1996 and 2002 were in-
cluded in the prospective study. The data of the included in
the study patients are presented in Table 1.
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Study Design–Inclusion Criteria
All patients underwent preoperatively and 6 months
postoperatively spirometry, continuous wave Doppler echo-
cardiography (CWDE) and arterial blood gasses determina-
tion at rest of the patient.
Criteria to include a patient in the study were age less
than 75 years, sinus rhythm in preoperative electrocardio-
gram, left ventricle ejection fraction equal or more than 55%,
right ventricle systolic pressure (RVSP) equal or less than 25
mm Hg and normal right ventricle dimensions at preoperative
echocardiography. A relatively recent normal exercise stress
test (during the last year before pneumonectomy) and the
absence of valvular heart disease or open-heart surgery in the
past were necessary to include a patient in the study protocol.
Patients who developed serious postoperative complications
(empyema thoracis and respiratory complications) were ex-
cluded from the study. A preoperative forced expiratory
volume in 1 second (FEV1) more than 2 liter was necessary
before to proceed with pneumonectomy. When preoperative
FEV1 was calculated below 2 liter (10 patients), a quantitative
ventilation/perfusion lung scanning was performed to predict
postoperative FEV1 and if predicted FEV1 was above 0.8
liter, the patient was eligible to undergo pneumonectomy. All
patients underwent computed tomography scan of the chest 6
months after the operation, to exclude recurrent mediastinal
or intrathoracic metastatic disease or the development of
postpneumonectomy syndrome. Patients who ignored the
6-month follow-up were also excluded from the study proto-
col. The study was approved by the scientific and ethics
committee of both hospitals.
Preoperative Bronchoscopic Findings
At preoperative bronchsocopy, 6 patients were found to
have total or near total obstruction of the main bronchus, 18
patients had obstruction of a lobar bronchus, 1 patient had
obstruction of the bronchus intermedius and 10 patients had
obstruction of a segmental bronchus.
Six Month Postoperative Clinical Evaluation—
Class of Dyspnea on Exertion
The 35 included in the study patients were classified in
4 classes, according to their symptoms of dyspnea on exertion
(functional dyspnea). A standard, simple questionnaire was
used to define the level of dyspnea on exertion, using detailed
information from the patient and/or his relative. The four
classes of dyspnea on exertion according to the study protocol
were the following:
Class 1: No dyspnea or dyspnea only on heavy exertion
Class 2: Dyspnea on moderate exertion (walk slower than
people of the same age on the level or attack of dyspnea
after stair climbing of two flights or more)
Class 3: Dyspnea on mild exertion (stops for breath after
walking 200 m on the level or stair climbing less than one
flight)
Class 4: Dyspnea at minimal exertion (during dressing or
undressing) or at rest (incapacitating patient)
Class of dyspnea on exertion was considered to express
the clinical postpneumonectomy state and to be the main
factor which affects quality of life of the postpneumonectomy
patient.
Doppler Echocardiography
All patients who participated in the study underwent
CWDE one to 7 days prior to surgery and 6 months after the
operation. Echocardiographic studies were performed using
an Aloca SSD-860 ultrasound machine (ALOCA Co Ltd,
Japan) with a 2.5 Mhz imaging/continuous-wave Doppler and
color Doppler transducer. Doppler recordings were attempted
using the apical four-chamber view and subcostal long axis
view of the heart. Initially, TR jet was localized with color
flow Doppler and then interrogated with image-directed con-
tinuous-wave Doppler. A systematic search was performed to
identify the best recording of the greatest maximal velocity.
The systolic transtricuspid pressure gradient (P) was calcu-
lated using the modified Bernoulli equation: p  4Vmax
2 ,
where Vmax represents the maximal tricuspid regurgitant
velocity in m/s. Vmax for each patient was calculated as the
average peak velocity among 5 consecutive calculations.
RVSP was calculated as the sum of the transtricuspid gradient
and the estimated right atrial pressure. Right atrial pressure
was substituted in the equation by a fixed empirical value of
10 mm Hg, as suggested by Currie et al.10 (RVSP 4Vmax
2 
10 mm Hg). If tricuspid regurgitation (TR) was absent or
insignificant according to the CWDE examination, RVSP
was considered to range within normal values (25 mm Hg).
Trace regurgitations or TR jets limited to the proximal to the
valve one fourth of the right atrium were considered as
insignificant jets. Intravenously injected contrast was not
used to augment the spectral Doppler signals of TR. Right
ventricle was considered to be “normal” if it had dimensions
less than 25 mm.
Spirometry and arterial blood gasses
determination
Spirometric data of patients (FEV1 and forced vital
capacity FVC, % of the predicted FEV1 and FVC) were
obtained using the Morgan Spiro 232 (PK Morgan Ltd,
Gillingham, Kent, England). For arterial blood gases deter-
mination, blood samples were taken via puncture of the
radial artery and, immediately after puncture, were ana-
TABLE 1. Demographic Data of the Included in the Study
Patients
No. of patients 35
Age (yr) 61.5  7.2 (variance: 48–72)
Gender Male: 32–female: 3
Side of pneumonectomy Left: 23–right: 12
Technique of pneumonectomy Standard: 23 (left: 12, right: 11)
Intrapericardial: 12 (left: 11, right: 1)
Pathologic TNM staging
Stage IB 5
Stage IIA 2
Stage IIB 15
Stage IIIA 13
Total 35
TNM, tumor, node, metastasis.
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lyzed in the CIBA-CO¨RNING 288 blood gases analyzer
(CIBA-CO¨RNING prognostics group).
Laboratory Parameters and the
Postpneumonectomy Clinical State
The laboratory parameters FEV1, FVC, percent of the
predicted FEV1 and FVC (%FEV1 and %FVC) for the height,
weight and age of the patient, percent reduction of FEV1 and
FVC from their preoperative values, RVSP, partial pressures
of oxygen (PO2) and carbon dioxide (pCO2) in the arterial
blood were considered as predictor parameters of the post-
pneumonectomy clinical state, expressed as the level of
dyspnea on exertion. FEV1, FVC, %FEV1 and %FVC values
were considered as index of the ventilatory pump and lung
function, RVSP values were considered as index of right
ventricle pump function, PO2 as index of oxygenation and
PCO2 as index of ventilation.
The ventilatory abnormality on preoperative spirometry
was considered as obstructive if FVC was normal or de-
creased and the FEV1/FVC ratio was reduced below 0.7,
restrictive if FVC was decreased and the FEV1/FVC ratio was
normal or high (0.8). The pattern was normal if FVC was
normal and FEV1/FVC ratio was more than 0.7. When the
FVC was found disproportionately reduced in relation to the
degree of reduction of FEV1/FVC ratio, a mixed (obstructive
and restrictive) abnormality was considered.
Analysis
All the variables were checked for normality of their
distribution using the test of homogeneity of variances (Lev-
ene statistic). If p values obtained from the Levene statistic
were less than 0.05, the distribution was considered normal,
otherwise the distribution had to be checked again for nor-
mality, looking its skeweness and kurtosis and by performing
the one-sample Kolmogorov-Smirnov test. Comparison be-
tween the mean values of two different groups of patients was
done using the independent samples t test and comparison
between two percentages was done using the 2 test. The
one-way analysis of variance test (one-way analysis of vari-
ance) and the Kruskall-Wallis tests were used to compare the
mean values of each one of the predictor parameters between
different classes of dyspnea on exertion, for normal and
abnormal distributions respectively. Multiple regression anal-
ysis was used to find any influence of the considered as
predictor laboratory parameters on postpneumonectomy clin-
ical state (class of dyspnea on exertion).
RESULTS
Preoperative and postoperative laboratory data of the
35 included in the study patients are presented in Table 2. The
mean calculated actual percent reduction of FEV1 and FVC
according to the preoperative bronchoscopic findings are
presented in Table 3. A proximal bronchial obstruction (main
or lobar bronchus or bronchus intermedius) had as result less
percent reduction of FVC and FEV1 postoperatively than a
more distally located bronchial obstruction (segmental bron-
chus). The mean percent reduction of FVC had statistically
significant difference between patients with tumoral obstruc-
tion located in a segmental bronchus when compared with
bronchial obstruction located in the main or a lobar bronchus
(F  5.868, p  0.007, Least Significant Difference multiple
comparison test). The mean percent reduction of FEV1 had no
significant differences between patients with tumoral obstruc-
tion located in the main, lobar or segmental bronchus (F 
1.705, p  0.198).
At 6 month postoperative follow-up, 13 patients were
classified using the questionnaire and stair climbing test in
class 1 of dyspnea on exertion, eleven in class 2, 9 in class 3
and 2 in class 4.
Mean values of the considered as determinant parameters
of the level of dyspnea on exertion are presented in Table 4.
Cumulative results of the one-way analysis of variance
or Kruskall-Wallis test that were used to compare mean
values of the determinant variables between different classes
of dyspnea on exertion are presented in Table 4. Mean values
of FEV1, FVC, %FVC, percent reduction of FEV1 and FVC,
RVSP which were calculated 6 months after pneumonec-
tomy, had statistically significant difference between patients
with class 4 and classes 1, 2, and 3 of dyspnea on exertion.
TABLE 2. Postoperative and 6-Months Postoperative
Laboratory Data of the 35 Patients
Parameter Preoperative Postoperative
FEV1 (ml) 2332.7  464.8 1480.4  300.7
% FEV1 79.4  16.9 49.9  12.8
FVC (ml) 3245.4  733.5 1994.0  362.1
% FVC 88.2  17.5 54.0  9.6
Spirometry interpretation
Normal pattern 8
Obstructive pattern 18
Restrictive pattern 6
Mixed pattern 3
PO2 (mm Hg) 82.31  7.9 89.9  8.5
pCO2 (mm Hg) 37.2  3.2 38.4  2.7
RVSP (mm Hg) 25 40.5  12.5a
a Significant tricuspid regurgitation (TR), which permitted the calculation of RVSP,
was found at Doppler echocardiography performed 6 mo after the operation in 31 out
of the 35 patients (88.57%). The rest of the patients (3 with class 1 dyspnea on exertion
and one with class 2 dyspnea on exertion) had no significant Doppler detected TR and
their RVSP was considered to range within normal values (25 mm Hg).
FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; RVSP,
right ventricle systolic pressure; PO2, partial pressures of oxygen; PCO2, partial pressures
of carbon dioxide.
TABLE 3. Mean Actual Percent Reduction of FEV1 and FVC
6 Months After Pneumonectomy According to the Location
of Bronchial Obstruction
Location of Bronchial
Obstruction
Mean Percent
Reduction of FEV1
Mean Percent
Reduction of FVC
Main bronchus (6 patients) 32.01  14.48 26.80  20.06
Lobar bronchus (18 patients)
or bronchus intermedius
(1 patient)
38.74  12.46 34.40  12.04
Segmental bronchus
(10 patients)
42.79  5.36 47.38  6.36
FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity.
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FEV1 values less than 1 liter after pneumonectomy were
associated with serious increase of RVSP (more than 60 mm
Hg) and dyspnea at minimal exertion or at rest. A progressive
drop of FEV1, FVC, %FVC, %FEV1, pO2 and progressive
rise of RVSP were observed as the estimated class of dyspnea
on exertion of the postpneumonectomy patients moved from
class 1 to class 4. Difference did not reach statistical signif-
icance between classes 1, 2, and 3, except for FEV1 and
%FEV1. (Table 5 and Figure 1) Further analysis of the results
shows that 71.42% of postpneumonectomy patients with
FEV1 values less than 40% of the predicted had class 3 and
4 of dyspnea on exertion. However, only 17.85% of patients
with FEV1 values less than 40% were presented with class 2
of dyspnea on exertion. Performing 2 test, the percent of
patients with class 2 dyspnea on exertion had significantly
statistical difference with the percent of patients with class 3
and 4 dyspnea on exertion (2 test  5.46, p  0.05). In
addition, mean PO2 and PCO2 values at rest and on breathing
room air were found to range within normal values in all
classes of dyspnea on exertion, indicating not impaired oxy-
genation and ventilation at rest after pneumonectomy.
Mean PO2 and PCO2 values did not show any difference
between groups and they were excluded from multiple re-
gression analysis. Multiple regression analysis (stepwise
method) for the rest of the considered as determinant param-
eters showed that 44.7% of the variance of class of dyspnea
on exertion in postpneumonectomy patients (adjusted multi-
ple R2  0.447) was influenced by the whole of the predictor
parameters (FEV1, % of the predicted FEV1, FVC, % of the
predicted FVC, % reduction of FEV1 and FVC, RVSP). FEV1
(beta0.453, confidence interval:0.002 to0.001, p
0.002) and % reduction of FVC from preoperative values
(beta  0.420, 95% confidence interval: 0.09 to 0.043, p 
0.003) were detected to be the parameters which have the
stronger influence on postpneumonectomy clinical state and
consequently, the lower the value of actual FEV1 or the
higher the percentage reduction of FVC will result in worse
symptoms of dyspnea on exertion in a particular patient.
Patients who underwent left pneumonectomy experi-
enced 6 months after the operation class 3 or 4 dyspnea on
exertion in 17.4%, while patients who underwent right pneu-
monectomy experienced class 3 or 4 dyspnea on exertion in
58.3%. The difference was statistically significant (2 test:
2 6.134, p 0.013), reflecting the observed differences in
mean 6-month postoperative FEV1, FVC, and RVSP values
between patients who underwent right and left pneumonec-
tomy (Table 6).
The two patients who experienced class 4 dyspnea on
exertion had both right pneumonectomy, an obstructive pat-
tern on preoperative spirometry and minimal bronchial ob-
TABLE 4. Mean Values of the Considered as Determinant Parameters of the Level (Class) of Dyspnea on Exertion 6 Months
After Pneumonectomy
Dyspnea
Class
No. of
Patients FEV1 (ml) FEV1 (%) FVC (ml) FVC (%) 2FVC (%) 2FEV1 (%)
RVSP
(mm Hg)
PO 2
(mm Hg)
PCO2
(mm Hg)
Class 1 13 1675.6  333.9 53.7  11.6 2159.4  329.9 55.3  7.6 27.66  18.3 30.22  11.65 35.4  8.5 92.8  5.9 39.1  3.01
Class 2 11 1482.7  160.3 54.8  14.3 1983.6  296.5 59.3  7.9 41.31  7.08 39.54  8.16 39.8  10.4 91.6  3.9 38.5  1.9
Class 3 9 1346.1  186.7 45.4  9.6 1853.3  362.8 47.5  9.5 42.80  9.43 41.07  8.93 41.5  13.9 86.5  10.9 37.5  3.5
Class 4 2 920.00  42.4 36.0 1250.0  56.5 37.0  1.4 58.45  5.58 52.50  5.79 65.0  7.1 81.0  22.6 38.0  1.41
FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; RVSP, right ventricle systolic pressure; PO2, partial pressures of oxygen; PCO2, partial pressures of carbon
dioxide.
TABLE 5. Comparison of Mean Values of the Predictor Parameters of Postpneumonectomy Dyspnea on Exertion
Predictor Parameter F P Multiple Comparison (Post-Hoc) Tests Interpretation of the Results
FEV1 6.607 0.001 Tamhane, Dunett T3 Class 4 statistical diff. with classes 1, 2, 3
Bonferroni, LSD Class 1 statistical diff. with class 3
FEV1 % 2.308 0.096 Scheffe, Tukey, HSD, Bonferroni No diff. between classes 1, 2, 3, 4
LSD Class 2 statistical diff. with class 4
Dunett T3, Dunett C Class 1, 2 statistical diff. with class 4
FVC 3.349 0.032 LSD Classes 3, 4 statistical diff. with classes 1, 2
FVC % 5.072 0.006 LSD Class 4 statistical diff. with classes 1, 2, 3
% FVC reduction 6.621 0.001 LSD Class 1 statistical diff. with classes 2, 3, 4
Class 2 statistical diff. with class 4
% FEV1 reduction 4.515 0.01 LSD Class 1 statistical diff. with classes 2, 3, 4
RVSP 4.111 0.016 LSD Class 4 statistical diff. with class 1, 2, 3
Po2
a2  2.525 0.471 No diff. between classes 1, 2, 3, 4
PCO2 0.659 0.659 LSD No diff. between classes 1, 2, 3, 4
a Kruskall-Wallis test results.
Diff., difference; Tamhane, Dunett T3, Dunett C, Bonferroni, LSD, Sheffe, Tukey, multiple comparison post hoc tests; RVSP, right ventricle systolic pressure; PO2, partial
pressures of oxygen; PCO2, partial pressures of carbon dioxide; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity.
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struction in preoperative bronchoscopy (obstruction of one
bronchopulmonary segment of the lung to be resected). In
addition, both patients had low estimated postoperative FEV1
using the quantitative ventilation/perfusion lung scanning
(950 ml and 1040 ml, respectively). Five of the 9 patients
with class 3 dyspnea on exertion (55.5%) had also right
pneumonectomy, an obstructive pattern in their preoperative
spirometry and bronchial obstruction limited to two or three
bronchopulmonary segments on their preoperative bronchos-
copy. The predicted postoperative FEV1 using the quanti-
tative ventilation/perfusion scan in 7 of the 9 patients with
class 3 dyspnea on exertion was found to fall below 1400
ml, ranging between 1292 and 1388 ml. Restrictive or
mixed ventilatory abnormalities observed in 9 of the 35
patients of the study were mainly associated with large
tumors and proximal bronchial obstructions from centrally
located tumors and not with interstitial lung disease or
chest cage abnormality.
DISCUSSION
An important parameter which influences the postpneu-
monectomy clinical state and consequently the quality of life
after pneumonectomy is dyspnea on exertion.6 Dyspnea on
exertion after pneumonectomy is the result of reduced lung
volumes, pulmonary hypertension or of their combination.2,5
According to American Thoracic Society, patients with Chronic
Obstructive Pulmonary Disease (COPD) have dyspnea on mild
and minimal exertion if their FVC and FEV1 values fall below
50% and 40% of the predicted respectively.11 Ferrer et al.12
found that low percent of the predicted FEV1 values impair
quality of life in COPD patients.
Pneumonectomy results in air trapping and compensa-
tory overinflation of the remaining lung.13 Lung hyperinfla-
tion is the most important factor related to the development of
exertional dyspnea and an important limiting factor of the
daily activity in patients with COPD.14 A high proportion of
patients with lung cancer who will undergo pneumonectomy are
current or past smokers and they have some degree of COPD
and an obstructive pattern at their preoperative spirometry.
Consequently, postoperative FEV1 is an important factor which
influences their clinical state, because they experience some
degree of COPD, more evident as age increases.
Recent studies evaluating the quality of life after pul-
monary parenchyma resection for lung cancer using different
questionnaires have detected that resectional surgery for lung
cancer had serious impact on patient’s status, especially after
pneumonectomy. Dyspnea on exertion was the main cause of
impairment of quality of life in these studies.15–19 Eleven
percent of patients who underwent pulmonary parenchyma
resection in the study by Sarna et al.15 described themselves
as so breathless they could leave the house.
Acute reduction of FVC values observed after pneumo-
nectomy was found in the present study to have an impact on
patient’s class of dyspnea on exertion. However, looking at
Table 3 and Figure 1B, fall in FEV1 values goes down in a
parallel way with fall of FVC values. Despite percent of the
predicted postpneumonectomy FEV1 and FVC values were
not found to strongly influence class of dyspnea on exertion
in the present study, when FEV1 falls below 40% of the
predicted, high proportion of patients develop dyspnea on
mild and minimal exertion. Handy et al.20 found diffuse lung
capacity for carbon monoxide to be better determinant of the
postpneumonectomy state and according to the results of their
FIGURE 1. Changes in mean percentage of the predicted
forced vital capacity (FVC) and forced expiratory volume in 1
second (FEV1), mean percent reduction of actual FVC and
FEV1 from preoperative values, mean RVSP values (A) and
mean FVC and FEV1 valves (B) according to class of dyspnea
on exertion.
TABLE 6. Mean Postoperative Values of FEV1, FVC, and
RVSP in Patients Who Underwent Left and Right
Pneumonectomy
Parameter
(Postoperative
Values)
Left
Pneumonectomy
(23 Patients)
Right
Pneumonectomy
(12 Patients) t Test Results
FVC 2073.33  356.45 1746.36  333.35 p  0.015
FEV1 1578.54  283.93 1262.72  209.19 p  0.002
RVSP 35.26  10.83 48.33  10.61 p  0.002
FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; RVSP,
right ventricle systolic pressure.
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study percent of the predicted FEV1 had not significant
impact on postoperative dyspnea outcomes and quality of
life. In contrary, Tronc et al.13 state that in most patients after
pneumonectomy the normal pattern of recruitment of diffuse
lung capacity for carbon monoxide reserve is an important
compensatory mechanism, preventing the development of
significant diffusion limitation during exercise and fall in
arterial oxygen saturation during exercise do not occur until
more than 60% of the lung surface has been removed. Percent
change in FEV1 was also found to be a poor predictor of
exercise capacity after pulmonary resection by Larsen et al.21
FVC, FEV1 and percent of the predicted FEV1 and FVC are
simple, low cost, sensitive and specific, easily reproduced
parameters for the evaluation of the lung and the ventilatory
pump function. These parameters are used in daily clinical
practice to predict elimination of work capacity in patients
suffered from respiratory diseases and in the present study it
was detected that they can also be used to explain exercise
capacity of patients and consequently the postpneumonec-
tomy clinical state.22,23
Noninvasive calculation of RVSP with CWDE is a
reliable method for the estimation of RVSP and right ventri-
cle pump function.24 Increase of RVSP in most patients after
pneumonectomy and especially right pnemonectomy, indi-
cates the development of some degree of pulmonary hyper-
tension and RV pump dysfunction.4,25 Mean RVSP values
had in the present study statistical significant difference
between patients with class 4 and patients with class 1, 2 or
3 of dyspnea on exertion, while patients with 1, 2 or 3 class
of dyspnea on exertion had not significant difference between
their mean RVSP values. However, a progressive increase of
RVSP was observed from class 1 to class 4 of dyspnea on
exertion. RVSP values at rest exceeding 60 mm Hg had
serious impact on postpneumonectomy clinical state, making
the patient incapacitating. High RVSP values were observed
only in patients with 6-monh postoperative FEV1 less than 1
liter or FEV1 values less than 40% of the predicted. Low
FEV1 values are associated with pulmonary hypertension and
the combination of low FEV1 and increased RVSP has as
result a seriously impaired quality of life after pneumonec-
tomy, making the patient incapacitating.
Arterial blood gasses at rest do not show any impact on
the degree of dyspnea on exertion. Indeed, progressive fall of
PO2 values at rest were observed, as class of dyspnea on
exertion becomes worse. Desaturation during exercise is well
documented in past studies, but moving the patient to the cycle
ergometer to look for desaturation has no clinical benefit, as the
situation in irreversible and cardiopulmonary exercise test or the
6-minute or 12-minute walk test may result in serious discomfort
in postpneumonectomy patients.26
For many patients the quality of life after curative
surgery for lung cancer is a very important consideration
when deciding if they will undergo surgical treatment.19
According to the results of the present study, each candidate
for pneumonectomy in whom postoperative FEV1 is expected
to fall below 40% of the predicted or below 1400 ml and
especially below 1000 ml, should be informed for the possi-
bility to experience an impaired quality of life after the
operation. Minimal bronchial obstruction from the tumor that
will result in serious decrease of actual and percent of the
predicted FVC and FEV1 volumes after pneumonectomy
because of the loss of a large amount of functioning lung
parenchyma, right pneumonectomy and an obstructive pat-
tern in preoperative spirometry might be accompanied by
pulmonary hypertension, symptoms of dyspnea on exertion
and impaired quality of life.
Postoperative spirometry and Doppler echocardiogra-
phy give important information to explain the level of dys-
pnea on exertion after pneumonectomy. Low FEV1 values are
well related with the development of dyspnea on mild and
minimal exertion, while severe pulmonary hypertension is
apparently present in patients with dyspnea on minimal ex-
ertion and fall of FEV1 values below 1 liter. According to the
study results, low postoperative FEV1 values and serious
percent reduction of FVC values are the main independent,
simple laboratory parameters which determine the postpneu-
monectomy clinical state. Right pneumonectomy together
with an obstructive pattern in preoperative spirometry and
minimal bronchial obstruction in preoperative bronchoscopy
are the main factors that result in serious percent reduction of
FVC and serious decrease of FEV1 values.
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